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ABSTRACT 



A type-2 hybrid ARQ data communication device having an 
improved quahty of transmitted data while an increase of 
power consumption is avoided. Xhe communication device 
transmits the same information bits (S) plural times (N 
times) and controls (changes) the transmission power of 
each transmission packet so that the sum of the transmission 
power needed for N transmissions of the same information 
bits may be constant, for example, the transmission power 
(b) of one packet of the information bits at each transmission 
may be one N-th (1/N) of the transmission power (a) of one 
normal packet (b=a/N). 
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DATA COMMUNICATION DEVICE AND DATA 
COMMUNICATION METHOD 

TECHNICAL FIELD 

[0001] The present invention relates to a data communi- 
cation apparatus and data communication method. 

BACKGROUND ART 

[0002] As an example of error control technology used in 
mobile communication system, there is a type-2 hybrid ARQ 
(Automatic Repeat reQuest) method, (hereinafter, it is 
referred to as "type-2 hybrid ARQ method"). Such a type-2 
hybrid ARQ method uses the turbo code and is referred to as 
an IR (Incremental Redundancy) method. 

[0003] In this method, turbocoding is performed intrans- 
mission apparatus as shown in FIG. 1, among turbo encoded 
signals, an information bit (also called "systematic bit") (S) 
is first transmitted, then an error detection is carried out in 
the reception apparatus. When an error is detected, a NACK 
(Negative ACKnowlegement) signal is returned back to 
transmission apparatus from reception apparatus. In this 
case, transmission apparatus transmits parity bit 1 (PI) 
(redundancy bit) of FEC (Forward Error Correction) for use 
in an error correction, and reception apparatus carries out 
turbo decoding using information bit and parity bit 1. 
Moreover, when an error was detected, in response to the 
NACK signal from reception apparatus, transmission appa- 
ratus transmits parity bit 2 (P2) of FEC for use in an identical 
error correction, and reception apparatus carries out turbo 
decoding using information bit, parity bit 1, and parity bit 2. 
In addition, when there is no error, an ACK (ACKnowlege- 
ment) signal is returned back and the next data is requested. 

[0004] However, the aforementioned method includes the 
following problem. 

[0005] In turbo code, the quality of an information bit in 
the reception signal reflects a large influence in the quality 
of signal after decoding. In other words, in the case when the 
quality of information bit is bad (for instance, low SNR), it 
may be difficult to carry out good decoding even when the 
parity bit quality is high, hence, it may be also difficult to 
obtain a decoded signal with high quality. Therefore, in 
type-2 hybrid ARQ method, information bit is first trans- 
mitted, and in the case when the first transmitted information 
bit is received with low SNR because the quality is dete- 
riorated due to fading etc. as parity bit is transmitted in the 
case of retransmission, the quality after combining of a large 
number of retransmitted parity bits may not be improved and 
a useless retransmission may be continued. 

[0006] In view of the aforementioned problem, it is an 
object of the present invention to provide a data communi- 
cation apparatus and data communication method based on 
type-2 hybrid ARQ method which can improve quality of 
transmission data while avoiding the increase of power 
consumption. 

[0007] As a method of transmitting a high speed packet 
with good efficiency, HSDPA (High Speed Down-link 
Packet Access) is proposed in 3GPP (3rd Generation Part- 
nership Project). In such a method, the transmission rate is 
updated by changing channel codec, spreading factor, mul- 
tiplexing (multiplex value), or modulation according to 



channel environment, and the average throughput is 
improved using such a method. 

[0008] When an adaptation modulation of HSDPA is car- 
ried out, it is necessary for transmission apparatus (radio 
base station) to transmit an MCS (Modulation and Coding 
Scheme) to reception apparatus (communication terminal). 
MCS is information related to transmission packet data such 
as the modulation method (QAM (Quadrature Amplitude 
Modulation), QPSK (Quadrature Phase Shift Keying), 8PSK 
(8 Phase Shift Keying)), etc., or the coding rate (R=Vi, Vs), 
etc. Reception apparatus demodulates data of packet channel 
using such MCS information, and carries out a decoding 
processing. 

[0009] However, there is a problem that the capacity of 
downlink channel decreases since the transmission side 
(radio base station) transmits the MCS information. In 
addition, there is another problem related to transmission of 
MCS information within a cell that is an increase of inter- 
cell interference is provided. 

DISCLOSURE OF INVENTION 

[0010] It is an object of the present invention to provide a 
data communication apparatus and data communication 
method based on type-2 hybrid ARQ method which can 
improve quality of a transmission data while avoiding 
increase of power consumption. 

[0011] According to one embodiment of the present inven- 
tion, the data communication apparatus based on a hybrid 
automatic retransmission request method comprises trans- 
mission section to transmit identical transmission data sev- 
eral number of times, and control section to control trans- 
mission power of transmission data so that a total 
transmission power of plural transmission times of identical 
transmission data transmitted several number of times 
becomes constant. 

[0012] According to another embodiment of the present 
invention, the data communication method based on hybrid 
automatic retransmission request method includes plural 
times transmission of identical transmission, and controlling 
transmission power of transmission data so that the total 
transmission power of plural transmission times of the 
identical transmission data transmitted several number of 
times becomes constant. 

BRIEF DESCRIPTION OF DRAWINGS 

[0013] FIG. 1 is a diagram showing the procedures of a 
conventional type-2 hybrid ARQ method; 

[0014] FIG. 2 is a block diagram showing a configuration 
of a transmission side of data communication apparatus 
according to Embodiment 1 of the present invention; 

[0015] FIG. 3 is a block diagram showing a configuration 
of a reception side of data communication apparatus accord- 
ing to Embodiment 1 of the present invention; 

[0016] FIG. 4 is a diagram showing the procedures of 
type-2 hybrid ARQ method according to Embodiment 1; 

[0017] FIG. 5 is a block diagram showing a configuration 
of a transmission side of data communication apparatus 
according to Embodiment 2 of the present invention; 
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[0018] FIG. 6 is a diagram showing the procedures of 
type -2 hybrid ARQ method according to Embodiment 2; 

[0019] FIG. 7 is a block diagram showing a configuration 
of a transmission side of data communication apparatus 
according to Embodiment 3 of the present invention; and 

[0020] FIG. 8 is a diagram showing the procedures of 
type-2 hybrid ARQ method according to Embodiment 1. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0021] Hereafter, embodiments of the present invention 
will be specifically described with reference to the accom- 
panying drawings. 

[0022] (Embodiment 1) 

[0023] FIG. 2 is a block diagram showing a configuration 
of a transmission side (that is, transmitter) of a data com- 
munication apparatus according to Embodiment 1 of the 

present invention; 

[0024] Transmitter 100 shown in FIG. 2 which is used in 
data communication system based on type-2 hybrid ARQ 
method using turbo code (IR method) is provided with turbo 
coding section 101, buffer 103, selector 105, spreading 
section 107, power control section 109, radio transmission 
section 111, transmit/receive multiplexing antenna 113, 
radio reception section 115, despreading section 117, NACK 
signal detection section 119, and transmission packet deter- 
mining section 121. For instance, transmitter 100 can be 
built in base station apparatus of a mobile communication 
system. 

[0025] FIG. 3 is a block diagram showing a configuration 
of a reception side (i.e. receiver) corresponding to transmit- 
ter 100 shown in FIG. 2. 

[0026] Receiver 200 shown in FIG. 3 has transmit/receive 
multiplexing antenna 201, radio reception section 203, 
despreading section 205, selector 207, buffer 209, turbo 
decoding section 211, error detection section 213, NACK 
signal generator 215, and radio transmission section 217. 
For instance, receiver 200 can be built in mobile station 
apparatus of a mobile communication system. 

[0027] Data communications system of an IR method 
according to the present embodiment is constructed using 
transmitter 100 and receiver 200. 

[0028] Operations of data communication system con- 
structed as described above will be explained below with 
reference to the general procedures shown in FIG. 4. 

[0029] First, turbo coding of user data inputted to trans- 
mitter 100 is carried out by turbo coding section 101. Since 
assuming the coding rate R=V3 as an example, such turbo 
coding section 101 outputs 3 output signals corresponding to 
1 inputted signal (user data), namely, information bit (S), 
parity bitl (PI) (redundant bit), and parity bit2 (P2) (redun- 
dant bit). In such a case, user data is just outputted as an 
information bit. The signals after turbo encoding (informa- 
tion bit, parity bit 1, parity bit 2) are outputted to buffer 103, 
respectively. 

[0030] In buffer 103, the signals after turbo encoding 
(information bit, parity bitl, parity bit2) outputted from 
turbo coding section 101 are each accumulated in a corre- 
sponding buffer domain. 



[0031] The signals after turbo encoding (information bit, 
parity bitl, parity bit2) which were accumulated in buffer 
103 are outputted to spreading section 107 as transmission 
packet after being selected by selector 105. In addition, 
selector 105 is operated by transmission packet determining 
section 121. 

[0032] The procedures to select (determine) transmission 
packet, that is, the packet transmission procedures are given 
below. First, as shown in FIG. 4, packets of identical 
information bit (S) which is time shifted is transmitted 
several times (2 times in the example of FIG. 4), in case of 
retransmission (when a NACK signal is detected), packet of 
parity bitl (PI) is transmitted, in case of retransmission, 
further, (when NACK signal is detected), packet of parity 
bit2 (P2) is transmitted. Such a transmission procedure is 
determined based on the detection result of NACK signal 
detection section 119 in transmission packet determining 
section 121. 

[0033] In spreading section 107, transmission packet 
selected by selector 105 is spread then outputted to power 
control section 109. 

[0034] In power control section 109, transmission power 
of a transmission packet after being spread is controlled 
(updated) for every packet. Specifically, in the case when 
transmission packet, for example, is the information bit (S) 
as shown in FIG. 4, the value b of the transmission power 
is updated to of value a (cf. FIG. 1) of transmission power 
of normal 1 packet (b=a/2). On the other hand, in the case 
when transmission packet is parity bitl (PI) or parity bit2 
(P2), the value of transmission power is the value a of 
transmission power of normal 1 packet. In other words, a 
packet of information bit is transmitted with of normal 
transmission power while packets of parity bitl and parity 
bit2 are transmitted with normal transmission power. Thus, 
the classification of a transmission packet is recognized 
based on information from transmission packet determining 
section 121. 

[0035] In the example of FIG. 4, moreover, a packet of 
similar information bit is divided into twice, and then 
transmitted, but the transmission number of times is not 
limited to this. In such a case, if the number of transmission 
times of similar information bit is set to N times, the value 
b of transmission power of 1 packet of information bit in 
every transmission is set to 1/N of value a of transmission 
power of normal 1 packet (b=a/N). 

[0036] The transmission power of a determined transmis- 
sion packet after being spread is radio transmitted from 
antenna 113 after being subjected to a predetermined trans- 
mission processing such as up-conversion, etc. in radio 
transmission section 111. 

[0037] After this, receiver 200 receives the signal radio 
transmitted form transmitter 100 by antenna 201. The signal 
received by antenna 201 is outputted to despreading section 
205 after being subjected to a predetermined reception 
processing such as down-conversion, etc. in radio reception 
section 203. 

[0038] The reception signal inputted from radio reception 
section 203 is outputted to selector 207 after being despread 
in despreading section 205. 

[0039] In selector 207, the reception signal after being 
despread is accumulated in buffer 209 according to data 
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classification. In other words, based on the data classifica- 
tion information bit, parity bit 1, and parity bit 2, the 
reception signal after being despread is accumulated in a 
corresponding buffer domain. 

[0040] The signal is subjected to turbo decoding at the 
reception time in turbo decoding section 211. 

[0041] Specifically, based on the information bit which is 
received several times (N times), (more specifically, the 
information bit after diversity combining) turbo decoding is 
executed at the reception time of information bit, when 
parity bit 1 is received, the turbo decoding is executed based 
on previously N-times received information bit and pres- 
ently received parity bit 1, when parity bit 2 is received, 
turbo decoding is executed based on previously received N 
times information bit, previously received parity bit 1, and 
presently received parity bit 2. The signal subjected to turbo 
decoding is extracted as a user data and outputted to error 
detection section 213. 

[0042] An error detection is performed on the signal 
subjected to turbo decoding in error detection section 213. 

As an example of error detection, is the one using CRC 
(Cyclic Redundancy Check) coding. The result of error 
detection is outputted to NACK signal generation section 
215. 

[0043] A NACK signal is generated in NACK signal 
generation section 215, for instance, when an error was 
detected in the signal subjected to turbo decoding, addition- 
ally, an ACK signal is generated when an error was not 
detected in the signal subjected to turbo decoding. However, 
an ACK signal can be generated in dedicated ACK signal 
generation section. 

[0044] The generated NACK or ACK signal is radio 
transmitted from antenna 201 after being subjected to a 
predetermined transmission processing such as, up-conver- 
sion, etc. in radio transmission section 217. 

[0045] Then, transmitter 100 receives the NACK signal or 
ACK signal radio transmitted from receiver 200 by antenna 
113. The NACK signal or ACK signal received by antenna 
201 is outputted to despreading section 117 after being 
subjected to a predetermined reception processing such as 
down-conversion, etc. in radio reception section 115. 

[0046] The reception signal inputted from radio reception 
section 115 is outputted to NACK signal detection section 
119 after being despread in despreading section 117. 

[0047] The reception signal after being despread is 
detected whether includes NACK signal or not in NACK 
signal detection section 119. The detection result (i.e. NACK 
signal or ACK signal) is outputted to transmission packet 
determining section 121. 

[0048] The next transmission of packet is determined 
based on the detection result of NACK signal detection 
section 119 in transmission packet determining section 121. 
Specifically, the packet of an identical information bit (S) is 
time shifted at the time of starting operation or ACK signal 
detection in order to transmit several number of times (N 
times) when the NACK signal detected after the identical 
information bit which is transmitted N times, packet of 
parity bit 1 (PI) is transmitted and parity bit 1 is selected, in 
addition, when NACK signal is detected in an identical 
information bit which was transmitted N number of times 



and after parity bit 1 was transmitted sequentially after- 
wards, a packet of parity bit 2 (P2) is transmitted and parity 
bit 2 is selected. In other words, the sequence of the packet 
transmission is information bit (S)xN times^parity bit 1 
(Pl)^parity bit 2 (P2). A decision result of transmission 
packet determining section 121 is outputted, as described 
above, to selector 105 and power control section 109. 

[0049] Specific example of the aforementioned operation 
is given next; a 2 times transmission of an identical infor- 
mation bit is explained as an example using FIG. 4. In such 
a case;, first, transmitter 100 transmits a packet of an 
information bit (S) with normal transmission power V2 
(b=a/2) twice. In addition, the packet of parity bit 1 (PI) is 
transmitted with normal transmission power one time when 
a NACK signal was returned from receiver 200. The packet 
of parity bit 2 (P2) is transmitted when a NACK signal was 
further returned firom receiver 200. Considering such a 
transmission procedures, the power employing in the trans- 
mission of information bit is similar to the conventional case 
and in order to transmit an identical information bit twice, 
the time diversity effect can be obtained by combining 
(diversity combining) of the two times signal received by 
receiver, and it is possible to improve the SNR of informa- 
tion bit and increase the performance further than the 
conventional method. 

[0050] Thus, according to data communication system 
using the data communication apparatus of the present 
invention, identical information bit is transmitted several 
number of times (N times), and in this case, the total of 
transmission power of N times corresponding to N times 
transmitted identical information bit becomes fixed, for 
example, in order to change the transmission power of 
transmission packet of every packet (packet classification) 
so that the transmission power of a packet portion of 
information bit in each transmission time becomes 1/N of 
transmission power of the normal packet, the transmission 
power employed in transmission of information bit is similar 
to the conventional method case, in addition, by combining 
the N times transmitted information bit in the receiver side. 
It is possible to obtain the effect of time diversity, thus, it is 
possible to avoid increasing of power consumption while 
improving the quality of an information bit. 

[0051] Moreover, considering the characteristics of the 
turbo code, while keeping the total power employed in 
transmission of packet information bit and packet parity bit 
constant as method of transmission power distribution, there 
is several methods of distribution of transmission power of 
packet of parity bit and packet of information bit, perform- 
ing the aforementioned sequential transmission is also 
acceptable. In such a case, it is possible to improve the 
performance of turbo code and improve further the quality 
of the transmission data. 

[0052] (Embodiment 2) 

[0053] FIG. 5 is a block diagram showing a configuration 
of a transmission side (i.e. transmitter) of a data communi- 
cation apparatus according to Embodiment 2 of the present 
invention. Such a transmitter 100a is employed by data 
communication system based on type -2 hybrid ARQ method 
(IR method) used in turbo code, and has a similar basic 
configuration of transmitter 100 of Embodiment 1 shown in 
FIG. 2, and similar configuration elements are assigned the 
same reference numerals and explanation thereof is omitted. 
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[0054] Transmitter 100a of the present embodiment 
updates the transmission number of times (N) of similar 
information bit depending on the doppler frequency, and 
multiplexes the data of plurality of similar users (M), then 
the multiplexed data is transmitted simultaneously. It will be 
explained sequentially as follows. 

[0055] First, in the present embodiment, transmitter 100a 
has doppler frequency detection section 123. Doppler fre- 
quency detection section 123 detects the doppler frequency 
of the reception signal which is inputted from radio recep- 
tion section 115. The doppler frequency is the amount of 
shift (movement) of the frequency based on the doppler 
effect generated due to the occurrence of the relative move- 
ment between transmitter and receiver. In such a case, a low 
frequency shift occurs when receiver 200 moving a way 
from transmitter 100a, and a high frequency shift occurs 
when receiver 200 moving closer to transmitter 100a. The 
detection result of doppler frequency detection section 123 
is outputted to transmission packet determining section 
121a. 

[0056] The transmission number of times (N) of the simi- 
lar information bit is interchanged in transmission packet 
determining section 121a based on detection result (doppler 
frequency) of doppler frequency detection section 123. 

Specifically, transmission number of times is decreased (the 
value of N is decreased) because increasing of time diversity 
effect of a possible low transmission speed is not necessary 
as frequency diversity eft^ect is obtained easily when the 
doppler frequency is high. Since the time until transmission 
of information bit N times becomes short by decreasing the 
number of transmission times, there is possibility to shorten 
the time until finishing transmission of data. On the contrary, 
transmission number of times is increased (the value of N is 
increased) because increasing of time diversity effect is 
necessary as frequency diversity effect is obtained hardly 
when the doppler frequency is low. Thus, it is possible 
effectively to acquire the diversity effect depending on 
relative movement situation between transmitter 100a and 
receiver, and while planning quality improvement of trans- 
mission data, it is also possible to avoid the reduction of 
transmission speed by increasing the transmission number of 
times. 

[0057] In addition, in the present embodiment, transmitter 
100a transmits simultaneously the data of a plurality of 
similar users (here two) after being multiplexed. Therefore, 
transmitter 100a has two turbo coding sections 101a and 
lOlh and two buffers 103a and 1036. Turbo coding sections 
101a, lOlZ? are of common coding rate R=V3. The signal 
outputted from turbo coding section 101a after being turbo 
encoded (information bit, parity bit 1, and parity bit 2) is 
accumulated in buffer 103a, and the signal outputted from 
turbo coding section 101b after being turbo encoded (infor- 
mation bit, parity bit 1, and parity bit 2) is accumulated in 
buffer 1036. The information bit of the data of the two 
similar users accumulated in buffer 103a and buffer 1036 is 
outputted to spreading section 107 after being selected by 
selector 105a and multiplexed. In addition, the consecutive 
data of the two identical users inputted from not shown 
signal distribution section distributed respectively between 
turbo coding section 101a and turbo coding section 1016. 

[0058] Next, an exemplary operation of transmitter 100a 
will be specifically explained using FIG. 6. Here, the case 



when the information bit of data of two identical users is 
multiplexed and simultaneously transmitted two times will 
be explained as an example. 

[0059] In such a case, when data 1 of identical users is 
transmitted, the next data 2 is transmitted simultaneously, 
that is to say, the consecutive data 1 and data 2 of the 
identical users are multiplexed and then transmitted simul- 
taneously. Prior to multiplexing, the data 1 is subjected to 
turbo coding in turbo coding section 101a, the information 
bit (S(l)), parity bit 1 (Pl(l)), and parity bit 2 (P2(l)) after 
being turbo encoded are accumulated in the corresponding 
buffer 103a. Moreover, the data 2 is subjected to turbo 
coding in turbo coding section 1016, the information bit 
(S(2)), parity bit 1 (Pl(2)), and parity bit 2 (P2(2)) after 
being turbo encoded are accumulated in the corresponding 
buffer 1036. 

[0060] Transmitter 100a, first, multiplexes information bit 
S(l) and S(2) of the data of two identical users and transmits 
the result two times simultaneously. At that time, the value 
bl of the transmission power of one packet of information 
bit S(l) of data of the identical user in each transmission 
time is ¥2 of the normal value a of transmission power of one 
packet (bl=a/2), in addition, similarly, the value b2 of the 
transmission power of one packet of information bit S (2) of 
data 2 of the identical user in each transmission time is V2 of 
the normal value a of transmission power of one packet 
(b2=a/2). In other words, the power employed in the trans- 
mission of an identical information bit is similar to the case 
of a conventional method (blx2=a), and the total of trans- 
mission power of the information bit multiplexed in each 
transmission time is similar to the case of the conventional 
method (bl+b2=a). Thus, since the power employed in 
transmission of information bit of the data of two identical 
users is similar to that of the conventional method as a 
whole, even in the case when the information bit of the data 
of the two identical users are multiplexed and then trans- 
mitted simultaneously, it is possible to avoid the increasing 
of power consumption, further, since it is also possible to 
obtain the time diversity effect of each of information bit of 
the data of the two identical users, the SNR of the informa- 
tion bit can be improved and the performance can be also 
enhanced further than the conventional method. 

[0061] Moreover, in the case when the identical informa- 
tion bit is transmitted N times, the multiplexed information 
bits of the number of data (M) of identical users is preferably 
less than or equal to N (M^N). As described above, in the 
case when identical information bits are transmitted N times, 
1/N of a of the normal transmission power of a packet is set 
as (b=a/N) since the value b of the transmission power of 
one packet of each individual information bit in each trans- 
mission time, and the total of the transmission power of the 
multiplexed information bits in each individual transmission 
power is made less than the value a of transmission power 
of one packet of the conventional method as it is necessary 
to set the multiplexed data number of identical users less 
than N. 

[0062] Moreover, the parity bit of packet number (1) 
(Pl(l), P2(l)), and the parity bit of packet number (2) 
(Pl(2), P2(2)) are transmitted alternately as shown in FIG. 
6 when a NACK signal was returned from receiver 200. 
Thus, the timing of decoding of the data of two identical 
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users which is multiplexed and transmitted simultaneously 
can be averaged, and it is possible to shorten the delay of the 

decoding process. 

[0063] Therefore, according to data communication sys- 
tem using the data communication apparatus of the present 
invention, the data transmission efficiency (throughput) can 
be improved as the information bits of data of a plurality of 
identical users are multiplexed and transmitted simulta- 
neously at individual information bit transmission time. 

[0064] Moreover, as the number of transmission times of 
identical information bit is updated according to doppler 
frequency, it is possible to efficiently acquire the diversity 
effect depending on relative movement situation between 
transmitter 100a and receiver 200, and while planning 
quality improvement of transmission data, it is also possible 
to avoid the reduction of transmission speed by increasing 
the transmission number of times. 

[0065] Moreover, while keeping the total power employed 
in transmission of packet information bit and packet parity 
bit constant as a method of transmission power distribution, 
there is several methods of distribution of transmission 
power of packet of parity bit and packet of information bit, 
performing the aforementioned sequential transmission is 
also acceptable, similar to the case of Embodiment 1. 

[0066] (Embodiment 3) 

[0067] FIG. 7 is a block diagram showing a configuration 
of a transmission side (i.e. transmitter) of a data communi- 
cation apparatus according to Embodiment 3 of the present 
invention. Such a transmitter lOOfe is employed by data 
communication system based on type-2 hybrid ARQ method 
(IR method) used in turbo code, and has a similar basic 
configuration of transmitter 100 of Embodiment 1 shown in 
FIG. 2, and the same configuration elements are assigned 
the same reference numerals and explanation thereof will be 
omitted. 

[0068] The transmitter 100b of the present embodiment 
transmits simultaneously the data of a plurality of users (M) 
after being multiplexed. The difference to Embodiment 2 
relating the multiplexing is that the data of an identical plural 
number of users are multiplexed in Embodiment 2, while the 
data of a plurality of users are multiplexed in the present 
embodiment. Therefore, similar to Embodiment 2, although 
there are two turbo coding sections 101a and 101b and two 
buffers 103^ and 1036 in the present embodiment, different 
user data are mutually inputted to the two turbo coding 
sections 101a and 1016 respectively. 

[0069] Next, the operation of transmitter 1006 will be 
specifically explained using FIG. 8. Here, the case when the 
information bits of data of two users, user A and user B are 
multiplexed and simultaneously transmitted twice will be 

explained as an example. 

[0070] In such a case, when the data of user A is trans- 
mitted, the data of the other user B is transmitted simulta- 
neously, that is to say, the data of the two users, user A and 
user B are multiplexed and then transmitted simultaneously. 
Prior to multiplexing, the data of user A is subjected to turbo 
coding in turbo coding section 101a, the information bit 
(S(a)), parity bit 1 (Pl(fl)), and parity bit 2 (P2(a)) after 
being turbo encoded are accumulated in the corresponding 
buffer 103fl. Moreover, the data of user B is subjected to 



turbo coding in turbo coding section 1016, the information 
bit (S(b)), parity bitl (Pl(6)), and parity bit 2 (P2(6)) after 
being turbo encoded are accumulated in the corresponding 
buffer 1036. 

[0071] Transmitter 1006, first, multiplexes information bit 
S(a) of data of user A and information bit S(b) of data of user 
B and transmits the result twice simultaneously. In such a 
case, the value bl of transmission power of one packet of 
information bit S(a) of data of user A in each transmission 
time is Yi of the normal value a of transmission power of one 
packet (bl=a/2), in addition, similarly, the value b2 of the 
transmission power of one packet of information bit S(b) of 
data of user B in each transmission time is of the normal 
value a of transmission power of one packet (b2=a/2). In 
other words, the power employed in the transmission of an 
identical information bit is similar to the case of a conven- 
tional method (blx2=a), and the total of transmission power 
of the information bit multiplexed in each transmission time 
is similar to the case of the conventional method (bl+b2=a). 
Thus, since the power employed in transmission of infor- 
mation bit of the data of the two users, user A and user B is 
similar to that of the conventional method as a whole, even 
in the case when the information bit of the data of the two 
users, user A and user B are multiplexed and then transmit- 
ted simultaneously, it is possible to avoid the increasing of 
power consumption, further, since it is also possible to 
obtain the time diversity effect of each of information bit of 
the data of the two users, user A and user B the SNR of the 
information bit can be improved and the performance can be 
also enhanced further than the conventional method. 

[0072] Moreover, in the case when the identical informa- 
tion bit is transmitted N times, the multiplexed information 

bits of the data number (M) of users is preferably less than 
or equal to N (M = N). As described above, in the case when 
identical information bits are transmitted N times, 1/N of a 
of the normal transmission power of one packet is set as 
(b=a/N) since the value b of the transmission power of one 
packet of each individual information bit in each transmis- 
sion time, and the total of the transmission power of the 
multiplexed information bits in each individual transmission 
is made less than the value a of transmission power of one 
packet of the conventional method as it is necessary to set 
the multiplexed data of different users less than N. 

[0073] Moreover, the parity bit of packet number (1) 
(Pl(l), P2(l)), and the parity bit of packet number (2) 
(Pl(2), P2(2)) are transmitted alternately as shown in FIG. 
6 when a NACK signal was returned from receiver 200. 
l^hus, the timing of decoding of the data of two users, user 
A and user B which is multiplexed and transmitted simul- 
taneously can be averaged, and it is possible to shorten the 
delay of the decoding process. 

[0074] Therefore, according to data communication sys- 
tem using the data communication apparatus of the present 
invention, the data transmission efficiency (throughput) can 

be improved as the information bits of data of a plurality of 
users are multiplexed and transmitted simultaneously at 
individual information bit transmission time. 

[0075] Moreover, while keeping the total power employed 
in transmission of packet information bit and packet parity 
bit constant as a method of transmission power distribution, 
there is several methods of distribution of transmission 
power of packet of parity bit and packet of information bit. 



us 2005/0114744 Al 



6 



May 26, 2005 



performing the aforementioned sequential transmission is 
also acceptable similar to the case of Embodiment 1. 

[0076] Furthermore, in the aforementioned embodiment, 
although an error detection is executed after the information 
bit is transmitted several times (N times) and the parity bit 
is transmitted at the NACK signal reception time, it is 
possible to adopt a method, instead of this method, in which 
the error detection is executed every time the information bit 
is transmitted and the next information bit is transmitted at 
NACK signal reception time. In such a method, if the SNR 
is high, there is possibility of successfully receiving the 
information bit without an error using only packets having 
1/N of normal packet power even when a plurality (N) of 
packets (information bit) are not received. In this case, it is 
possible to minimize the time delay until finishing transmis- 
sion of data. 

[0077] The data communication system having the afore- 
mentioned transmitters 100, lOOa, and 1006 and receiver 
200 can be appHed to downlink high speed packet transmis- 
sion in the mobile communication system. 

[0078] As shown above and according to the present 
invention, as an identical transmission data is transmitted 
several number of times (for instance, N times), it is possible 
to acquire the time diversity effect by combining a plurality 
(N times) of the reception signal in the receiver, the quality 
of transmission data also can be improved. Moreover, in 
order to control the transmission power of the transmission 
data so that the total transmission power of a pluraHty of 
times (N times) corresponding to identical transmission data 
transmitted several times (N times) is constant, for example, 
the transmission power associated with the identical trans- 
mission data is set to a similar value of transmission power 
of conventional method, and the increasing of power con- 
sumption can be avoided. 

[0079] Moreover, according to the present invention, the 
transmission power of one time is equivalent to that of 
identical transmission data transmitted several times (for 
instance, N times), and the total transmission power of a 
plurality of times (N times) corresponding to identical 
transmission data transmitted several times (N times) is 
made equivalent to transmission power of each transmission 
data in a method which transmits identical transmission data 
for 1 time (i.e. conventional method), that is to say, the 
transmission power of one time corresponding to identical 
transmission data becomes 1/N of the value of transmission 
power of transmission data of conventional method, in order 
to control the transmission power of transmission data, the 
necessary power for transmission of transmission data is 
similar to the case of conventional method, and by combin- 
ing the data transmitted several times (N times) in the 
receiver, it is possible to acquire the time diversity effect. In 
other words, it is possible to avoid increasing of power 
consumption and improving the quality of transmission data. 

[0080] According to the present invention, furthermore, 
the quality of information bit transmitted first, for example, 
in the type -2 hybrid ARQ method can be improved while 
avoiding the increase of power consumption. 

[0081] Still further, according to the present invention, the 
number of times of transmission of identical transmission 
data is interchanged according to doppler frequency, for 
example, when the doppler frequency is high, the numl?er of 



transmission times becomes small since it is easy to obtain 
the frequency diversity effect, while when the doppler 
frequency is low, the number of transmission times becomes 
large since it is difficult to obtain the frequency diversity 
effect, thus, it is possible to acquire diversity effect effi- 
ciently according to the relative movement situation 
between data communication apparatus, it is also possible to 
prevent the reduction of the high speed transmission by 
increasing the number of transmission times while improv- 
ing the quality of transmission data. 

[0082] According to the present invention, further, the 
data transmission efficiency (throughput) can be improved 
as a plurality of transmission data of identical users are 
multiplexed and transmitted simultaneously at individual 
transmission time. 

[0083] Still further, according to the present invention, 
beside making the transmission power of identical transmis- 
sion data, for instance, similar to the transmission power of 
the conventional method of each of a plurality of transmis- 
sion data of identical user multiplexed and transmitted 
simultaneously, it is possible to make the value of the total 
transmission power at each transmission time of transmis- 
sion data of a plurality of identical user multiplexed and 
transmitted simultaneously, for example, similar to the value 
of transmission power of conventional method, thus, it is 
possible to make the transmission power of transmission 
data at only each individual transmission time of identical 
transmission data similar to the case of conventional 
method, and the increase of power consumption can be 
avoided. 

[0084] Still further, according to the present invention, in 
order to transmit sequentially (alternately) redundant bits 
corresponding to transmission data of a plurality of users in 
the case when the redundancy bits are transmitted, the 
timing of decoding of the transmission data of a plurality of 
identical users which is multiplexed and transmitted simul- 
taneously can be averaged, and it is possible to shorten the 
delay of the decoding process. 

[0085] According to the present invention, further, the 
data transmission efficiency (throughput) can be improved 
as transmission data of a plurality of users are multiplexed 
and transmitted simultaneously at individual transmission 
time. 

[0086] Still further, according to the present invention, 
beside making the transmission power of identical transmis- 
sion data, for instance, similar to the transmission power of 
the conventional method of each of transmission data of a 
pluraHty of identical user multiplexed and transmitted simul- 
taneously, it is possible to make the value of the total 
transmission power at each transmission time of transmis- 
sion data of a plurality of users multiplexed and transmitted 
simultaneously, for example, similar to the value of trans- 
mission power of conventional method, it is possible to 
make the transmission power of transmission data at only 
each individual transmission time of identical transmission 
data similar to the case of conventional method, and the 
increase of power consumption can be avoided. 

[0087] Still further, according to the present invention, in 
order to transmit sequentially (alternately) redundant bits 
corresponding to transmission data of a plurality of users in 
the case when the redundancy bits are transmitted again, the 
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timing of decoding of the transmission data of a plurality of 
users which is multiplexed and transmitted simultaneously 
can be averaged, and it is possible to shorten the delay of the 
decoding process. 

[0088] Still further, according to the present invention, to 
distribute larger transmission power associated with trans- 
mission data than redundancy bit while keeping the total 
transmission power of transmission data and redundancy 
bits constant, for instance, when using turbo code, such a 
performance can be improved and the quality of transmis- 
sion data can also be improved. 

[0089] The present application is based on the Japanese 
Patent Application No. 2001-198401 filed on Jun. 29, 2001, 
entire content of which is expressly incorporated by refer- 
ence herein. 

[0090] Industrial Applicability 

[0091] The present invention can be applied in mobile 
communication system, specifically, mobile communication 
system based on hybrid automatic repeat request. 

1. A data communication apparatus bases on hybrid 
automatic repeat request, wherein said data communication 
apparatus comprising: 

transmission section to transmit identical transmission 
data several times; and 

control sect ion to control transmission power of trans- 
mission data so that the total transmission power of 
several transmission times corresponding to identical 
transmission data transmitted several times becomes 
constant. 

2. The data communication apparatus according to claim 
1, wherein said control section to control the transmission 
power of transmission data so that the transmission power of 
one time transmission is made mutually equivalent to iden- 
tical transmission data which is transmitted several times, 
and total transmission power of a plurality of times corre- 
sponding to identical transmission data transmitted several 
times is made equivalent to transmission power of each 
transmission data in a method which transmits the identical 
transmission data one time. 

3. The data communication apparatus according to claim 
1, wherein said transmission data is packet of information 
bit. 

4. The data communication apparatus according to claim 
1 further comprising: 

detection section to detect doppler frequency; and 

switching section to switch the number of transmission 
times to transmit identical transmission data according 
to the detected doppler frequency. 

5. The data communication apparatus according to claim 
1, wherein said transmission section multiplexes and trans- 
mits a plurality of transmission data of identical user at each 
transmission time when identical transmission data is trans- 
mitted several times. 

6. The data communication apparatus according to claim 
5, wherein said control section to control the transmission 



power of transmission data so that the total transmission 
power of several transmission times corresponding to iden- 
tical transmission data transmitted several times is constant 
for each of a plurality of transmission data of identical user 
multiplexed and transmitted simultaneously, and so that the 
total transmission power of each transmission time in a 
plurality of transmission data of identical user multiplexed 
and transmitted simultaneously is constant. 

7. The data communication apparatus according to claim 
5, wherein said transmission section transmits redundancy 
bits sequentially corresponding to pluraHty of transmission 
data of identical user in the case when the redundancy bits 
used for error correction is transmitted as a retransmission 
after the plurality of transmission data of identical user is 
multiplexed and simultaneously transmitted several times. 

8. The data communication apparatus according to claim 
1, wherein said transmission section multiplexes and trans- 
mits simultaneously the transmission data of a plurality of 
users at each transmission time when identical transmission 
data is transmitted several times. 

9. The data communication apparatus according to claim 
8, wherein said control section to control the transmission 
power of transmission data so that the total transmission 
power of several transmission times corresponding to iden- 
tical transmission data transmitted several times is constant 
for each of a plurality of transmission data of a plurality of 
users multiplexed and transmitted simultaneously, and so 
that the total transmission power of each transmission time 
of transmission data of a plurality of users multiplexed and 
transmitted simultaneously is constant. 

10. The data communication apparatus according to claim 
8, wherein said transmission section transmits redundancy 
bits sequentially corresponding to transmission data of a 
plurality of users in the case when the redundancy bits used 
for error correction is transmitted as a retransmission after 
the transmission data of a plurality of users are multiplexed 
and simultaneously transmitted several times. 

11. The data communication apparatus according to claim 
3, further comprising distribution section to distribute larger 
transmission power to transmission data than redundancy bit 
used for error correction while keeping the total transmis- 
sion power of transmission data and redundancy bit used for 
error correction which is transmitted as a retransmission 
after transmission of transmission data. 

12. A data communication method based on hybrid auto- 
matic repeat request, wherein said data communication 
method comprising: 

transmission step of transmitting identical transmission 
data several times; and 

control step of controlling transmission power of trans- 
mission data so that the total transmission power of 
several transmission times corresponding to identical 
transmission data transmitted several times becomes 
constant. 



(19) B;2[cB#fFJt (JP) (12) 42t ^ 4^ 42t $g (A) (ll)i|$»mS^at5B»^ 

#^^2003- 18131 
(P2003-18131A) 

(43)43^iB a ¥J^15^ 1 a 17 H (2003. 1, 17) 



(51)IntCL' 
H04L 1/16 
H 0 4 B 7/26 

H0 4L 1/00 
27/00 



10 2 



F I 

H0 4L 1/16 
H 0 4 B 7/26 
H 0 4 L 1/00 

27/00 

H 0 4 B 7/26 

mms^ m m^ys(Dm2 ol (^12 m) a»MtciK< 



5K0 0 4 
102 5K014 
E 5K0 6 7 
Z 
M 





1$e2001 - 19e401( P2001 - 198401) 


<71)aJSA 000005821 










¥JE^13^6 ^29B (2001. 6.29) 


























(74)'refflA 100105050 












Fi'— A(##) 5K004 AADl BA02 BB02 BB05 BCOO 






5K014 DA02 DA04 FA03 FAll 






510)67 AA43 BB21 0024 DD24 EE12 






HH2S 



(54) i^v^<Di,mi 'T-i^mmmuis^tfv'-i'm.m^m 



(57) [S*^] 

[ PS ] 3^ 2 :/ y F nmnmw^M 
mm^m ] iHi-©tff r i^yh ( s > >&«^i5i < n 

(a) © 1 /NJCfjrai^iilc (b=a/N) , 31ft 

So 



PI 



P2 



I NAGK I I NACK | 



C2) 

1 

m-r- ^ (Dmmmt) <!:^l<^csj:^jc. mimT"- © 
[ imm 3 ] fjf B3*ffl 7-" - ^? « , tf f R K ^ h ® ^^-^^r 

amt^go 

[librae] mMPvmmm. 30 

- (Dts©*3© K)Sf^ U r , Mt^ 0 j*ff § tl S 1^— ©i*ft 
^(c>r^-r S^!^^S^[iI53'©jl{t«^©^lt^5-^i 
^c-Scfc^iC. ^SStir|S]B#tcj||ft$n-5IWI— :3. 

— tf ©«l^©jMft7^- ^'fc^ifTS^j^mi^cj^mS;^© 

c t *#mi-r aff^JBs iBtSc©^" ^'amsSo 

lai— :i-if ©^^©iiifiT'" a ^^m Lxmrn^'cmmm 40 

c t ^mm't-ri>n^m 5 latsc©?-"- ^immmm, 

c t iT 4fi*ii 1 istsi©?^- ^aff 



0 0 3 - 1 8 1 3 1 

2 

©*5©*5©fc>pfLr, «SStliI31«?n«.l5l— ©jifiT^- 

^? ic>Ft-r ^igffita@55-© j^ftm;^©-<;i3-^ i fj: ^ 
J:^>ic. 55:.-:). ^S5n-r|5lBtfc3Mft$n^«15!©:3.- 
tf ©j*«r - ^ tc?^T S#^{tn#©3*m«;^j©-&itj;>s- 

J: ^ tc. duff 7^- ^(ommmts^mm-ir^. 

ig^. «t5t©^-1f©jl(l7^-^fC>PtJt;t-S5t:Stf h 

c t ^mm. t -r i>nm^ a fats© t*- afiKB. 

w<c i b T m\n ^tii>mn tsiEmoyK^ t f ©31 

^ $ fbfc^-r^ c i i -r ^fifl<s 3 iBtgcT^- ^ 
[if 12] /^ ^' :/ F urnnmm^^mKm-^ 

< ■r-^jaffTT'vStcfcCi-r. 

isiifis n^i5i-©ii«7^" ^ fc>t^-r s^it^iiJdii^© 
c t ^mm. i -r ^ 7^ - am^iSo 

[0 0 0 1 ] 
[0 0 0 2] 

[tJ^*©s^^j] /ci^«, ^«j*amjcfflti6n-s^D 

$IJ®}S^ftj i L T , ^? 7' 2 ^^ 7' y •> F ( type 2 hybr 
1d) gjtdSjH^^ (ARQ : Automatic Repeat reQues 

t) mr y^^-7-2^^^rf^)-y VARQ-yj^i t 

1/5^) jS^ife-Bc £:©i? ^':7•2^^^'■7''; ■> FARQTtS; 

3?-4<W^^ffifflL/. IR (Incremental Redundan 

cy) ■fj^L^mtrix\.>i>, 
[0 0 0 3] c:©:/j^-ctt. S8tc^i^-rJ;'5fc, jUft^ 

S-r. m^^v V ( ri^XT-v^^-'^/if t -:. Fj 

mm^) (s) ^jHftL, ${t^r^D*^m^tf^o 

qative ACKnowl egetnent : SSFES) M^^jMTo C© 

illft»i, ^t9lTiE©/cS5©F EC (M^^^JIT 
lE : Forward Error Correction) ©>'"» U 7" -f t' F 1 

(PI) (TLfiK-:' F) ^3*fiU. Sm«B. tffRt-:' 

h <h y 7- -1- K F 1 ^mv^x a? -^ix-^^tf ^> . $ 6 

(C^ 0 ijm&i 3 tifcli^ti, Sft-^Ji^ 6© N A C K.m^ 



C3) 

3 

©^s";-r--Y h2 (P2) ^mmL. ^mmu. tt#g 

(ACKnowleqement : M^tES) ff-^^O^jiMSn, kKSD^— 
[0 0 0 4] 

[0 0 0 5] ^-i^m^^u. «{fm-^tc*jt:f6t»ffii^ 

< r ^ $ < a^^tf 5 c i 3&3-e ar-r > iSB°a«<Daw 

3 n fctf f R e h TijS , -7 :t - > fC J: 0 n°BW 

^ t y h < Bin L t: ^>-^j3g«©a°aM«i^a±#-r. M 

tSi^cCSiilAS^t^T L * ^ nJt&l4:i!>3^^<. 20 

[0 0 0 6] i^mnu. ^■^t^^.'^jcm^xfx^nfci^cD 
t;S)0. vBeM;'3©iiA^[iljSLo-o, jlff-r-^'©,a 

[0 0 0 7] 

te«tfclHl^©inm«;b©-&it*s-^ i i^c S cfc ^ . iSft 

[0 0 0 8 ] £:©«jig(;cj;ti«, m—oymmf- 
wm {fc<b^«. NiHi) mm-r^tc^. ^mm-cmmm 

(N[pl) ©«ftft-^^^^-rSCiJCj;t9. H$ra^^'^'/^' 

■r^ci7&^r^a„ L:6:>^>, -t©!^, wmm wm) m 

[0 0 0 9 ] :^mm(D'f- ^mmm&it. ±m<DmfS,ic 
■o, «t^[iijift5n^.iB]-©jiif f^-^?fa^-r^.^fgi« 

t^[ll^3'©3ll««:^©^tt*5, 1^— ©3lim7""i?^ idl/i: 



#^12 0 0 3 - 1 8 1 3 1 
4 

[0 0 10] C©^fJStCj;ti«. mt±\ai (fci^tf. N 

@) ji«3n^iD-©3*m^-^?tc>(^-r^ iiii5>®3*ff 
mmmi^icmL<. 55^-0, (nui) asmsn^. 

^-o^mm7'-'^icM-ri>mmmm.m (nn) ^^©iiff 

tc*f-r^ 1 [515>©illff m*:^-^. lA^*©::)7iS;tcj;^31ftf' 
-^?©jllfgS^©ii© l/NK^c^J;^{c, dllftf'-^? 

©iiimm:t;**iw-r ^ ^(ommiC'jmtj: 
(N[p]) mw^ntcT'-^^^mm'c-'^m-r^cti.cj: 

[0 0 1 1 ] -^mmf- iimmmm^. _tita©iiiig{c 

[0 0 12] C;©«JigtCj;tltf. fcijttf. ^f^'y2^^ 
b-y h©D°aM^. ^iM:>fj©it7t-S:[iIjffiL''3':3. r^i]±-r 

[0013] ■^§^m<D'f'-iimm^m.^t. Aim^mmc 
[0 0 14] ti<Dmmcxin\t. m—(Dmm-T-'^^m 

itT^tc J: sejiiae©ffiT*jflitij-r-s ct^^x-^ 
[0015] :^mm(Df'- ^mimmmx ±m<Dmmc 

[0 0 16] C©1f^tKtCj;tltf. M'rCDmiWmciSl^X 

m-::!--^(ommcomm7'-^^^mi^xmmicmm-r 

CtilfiX^^. 

[0017] ^?m(D'f--^mmm&it. ±ia©«iiStc 

m~:3--^<Dm.W<DMiM7'-'ii<Di5<Dis<D!,cMLX^ W. 



C4) 

5 

-rs^mmm(Dmm'mt)<D''MW^~'m i s j: ^. ^c. m. 
[0018] ccD«jjS{cj;n«. ^m^tixmrnicmm 

C:<i:;«|5-c^S/c:Jti. IH— ©jiff 7*-3rtC>PtUrcD^?^^c6 

[0019] ^^h^cd-t'- ^mm^mt. ±M<r>mf&ic 

©jHfiT^- t5ffC>Fft£;-r S%«t^ F =&J«StCiMM-r-2. . 20 

[0 0 2 0] CCD«Jjg{Cj;rili. ytSt'-;' h^SjlT?) 

[0 0 2 1 ] ^^B^of'- ^^iifsSMtt, ±ia©«)jgfc 

[0 0 2 2 ] IKOmfSLiCXriU. fi^rOjUffHt^C^iCir 

[0 0 2 3] 3p:igB;5©f^- 5ta{i^g»> ±m(Dmmc 
[0 0 2 4 ] c©«fiS{cj;tiK. ^mstixmrniicmm 

§ ti .SIS^©^ - lf ©SM r - ©*s©fe© (c?^ L r . 

(;c>Ft-r«.SMtB$©3llff«:^j©^it*^>, fci^£i. 1^ 
D<s^*©:/j5(;fc J; ^3limm:^7i|3i Officer ^.dijsi-e 50 
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^■5/c&, iHl— ©3ift7'-^f{C>Pj-L/-C©tf?^!S6-r<l'^© 

3^ff B*(c^?t L-T ^>gff :5?©j^fi^;'3^fi^*©7^jS;{c 

[0 0 2 5] *^B^©7^- ^?a{sKgt*. ±fB©«^{C 

m(DK&if'y h^mm-ri>m^. tiiJt©^— tf'©3*{tf' 
[0 0 2 6] ccomf&icjznu. Kst'y v^nm-r^ 

i^^. 1«»!©:i— tf©31ft7^"^fc^lS-rS5t:Ml^-:' h 

[0 0 2 7] ^^mficoT"- i^mmmma. ±ia©if bsk 

^n^—mcU^ L -o-o, K 0 iTiEm©%« k: h J; 0 
[0 0 2 8] C©»iigCCJ;ntf. 3Mfi7=^-^'*sJ;0'7L:g 

i-r^Ci^^T-^. d2lM7=-^?©p°D«=&^6{C[^±r^ 

[0 0 2 9] 3|s:|60g©f^- 3?iift:/3ffitt, ^^ r?' U F 
-©illfi7=-^?=£a^llli^mL> -e©!^. 

i^ft 5 n ^ isi-©3mf^- ^ tc^Pf-r ^^M«m[pi5^©i* 
««:^3©^l+^5-^i^cSJ:5(;c, mmr'-'-$i<Dmmm 

[0 0 3 0] c©:;55Sfcj;tii3f. m-<Dmm'f-'^^m 

mm (fci^K, Nil) ^^ftrsfcs?), simmx'WMm 

(N[pl) ©«ffm^*^)?S-r§CifcJ;0. B$Pe33?V^^- 

-rscijas-c^So L-5&i^>. ^©^. (Nui) m 

^^©jllfim:^©^it5!)i— ^ i j^^c ^ J; ^ Jc, jllftT^- © 

Sfc «3 ©iii«s;t)^te*©:^^tc j:?>mw^t) tmcm 

[0 0 3 1 ] 

[mmmmmm] *i6B^©»^tt. ^^-f ^-r; fa 

RQ:fj^(,cM-^< -r-^^jiflSgfcfciir. |b]— ©j#fi 
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" ^f(OB°aM^r^±-r s c i -c* s „ 
[0 0 3 2] iHT. *^feiK©^*cDffj*j(c'3c=>T. mm 

[0 0 3 3] (.mmcomm d mi ^^^mommcD 
ftim 1 t,mi7'^itmm^m.(r)mmm (-^g , mm 
m.) cD*gfiS^^j^-r:/p'3;i'iat:*>^>„ 

[ 0 0 3 4 ] 0 1 ic^-rmw^ 1 0 0 ^->^'^r^* 

fflli/c3?-Y:7•2^^-Y:/'; FARQ:/?!^ ( I RTj^) tc lo 
10 1, /^'i-^y 1 0 3. •feUi'^ 1 0 5, SttSfgPl 0 

7, ^^•'^-fwgpi 0 9, mmmmw>\ i i , M^m^ 

m(DT>9-f-l 1 3, te^^Siign 1 5, ilfmSPl 1 
7, NACKft-^^UlgPl 19, *>J;L>^^*^t•'^•^^ 

^SBi 2 1 ^m'r?>. mmmi o ow, 

[ 0 0 3 5 ] n 2 ti, HI !,cfi^^-rmmm i o o tc^jt;-r 

a,mmm S{fM) ©«j,S^,W:^P';'i7|ii-c 

*-5<. 20 

[ 0 0 3 6 ] la 2 t,cm-r^mm 2 0 0 ti, m^m^mco 
r 2 0 1, tesamgP2 o 3 , mitm^z o 5 . 

i2^i'iSf2 0 7, /-i-i/^y 2 0 9, 4?-^'fI#g|5 2 1 
1, ^«3^^^^ig|52 1 3, NACKfi-^^gP2 1 5, 

j:umMmmu2 1 7^wf sff^2 0 ob, fci 

[0 0 3 7] ±ie©33|ft « 1 0 0 i5^Z^^mU2 0 0 tc 

X-rAj&5^ig5tlS„ 30 

[0 0 3 8] ±iB«jjS^*-r.S7'-^?am^>>^ 

[0 0 3 9 ] ^ T, 1 0 0 «, it-ytm^ibS^ 1 

5o C(D^-tm^^tmi 0 1», /ci;?.«, ^f-^ft^ 

(S) , >'^•';T•-f t'-:/ M (PI) (TtSt--/ h) , 

>; 7=- f h 2 (P2) (Ttsf-:; h) ^jim-r^o c 40 

^ tr b 1 , >; -r- h 2 ) B, /f 7 T 1 0 3 (c 

[ 0 0 4 0 ] f :? T 1 0 3 Tii, it-yi-mmt^^ 1 0 
l*^6tii;fj?ti/caf--4iWmfI©m-^ (tffgtf-> 
y f- -f f 3, h K y f- ^ b' y h 2 ) ^, >l^^s■r■5^^' 

[ 0 0 4 1 ] ^-^ f 7 T 1 0 3 (cBW^rifci? -.-t^^g^^ft 

(WfRt^-:/ b, y^•yT■-f b-J/ h 1 , >'^•y7--f tr 50 
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Ui7 ^? 1 0 5Ci, 3ll«-'^•^ -^r h^^SB 1 2 1 CCj;o-Cli 

[0 04 2] CCr, d^T€>^<'5--;' h^SJR (?^) 

X'$,^. 0 3iC7j^Tj:'5(C, a-r", m— CDWfRt;- h 
(S) ©^S>r.^ h^B#PB^^-r^.Lt:«i5[|n| (H3®f!l-C 

»2[5]) iHML, nm(Dm^ (NACKmnmmm) 
tt, y 7- ^ e h 1 (PI) ©^^•^r h ^jim ? 
hicn]^(Dm-^ (NACKft-^t^mBf) «, ^^•yf■-f b- 
h 2 ( p 2 ) (D^-^'^ V V ^mm-r^. c:©j: tjimm 
mmu, mm^-^Ty b^sspi 2 ir-, NACKft-^^i 

mSPl 1 9©*ltlilSm{cS':5lir^^^Sn?.o 
[0 043] JiStSfgP 1 0 7 TB, -fe P 1 0 5 j; 

1 0 9fcm:^-r^o 

[0 044] /^•■7-tl)fPgP 1 0 9 Ttt, jmf*©35|ft^< 

Mft^^"^>:' h:^)^ff$RK'-:; h (S) ©i#-^», -5-©3tftm 
tS<Dm.h^m^<Dl^^^y h^J-CjUmmtJOffla (0 8 
#BS) © 1 /2 JC^HU ( b = a/2 ) , j*^t/^•^ h 
^O^.'^-yT^-f by H (PI) g?i:B>'^•y7^-^ by V2 
( p 2 ) ©^^B, ■e©j^fim;fj©fii?ra^© 1 J-^'r V 
h^5-©jl^{f«^©<Ia©SSiT^. -r^c*^^, tf^gb 

V V ©/^•^ y h B. ais;© 1 / 2 (DmrnM-h-nmrn^ 
n, y T- b y f 1 y -r b y h 2 ©v'^•15^ y f 
«, as©3Mft^;f3T'3llfi$ns„ e:©i*, 3ll^t^^*'5- 
"J h®«;?iJB, ill«^^•^y h^^gPl 2 l35^6©ff#Eic 

[0 04 5] ^Cfc, 113©Wt;B, |3I— ©'lt$Rby h© 

N^2iiifc5t(,i-r3*ftL.riiS>5^, i*{t|p|i5:«# 

(CPH^Sn^Cl^o C©ig^, |5]— ©tflgb.:- h©j#ft[Hl 

^ y v^(Dmmnt)o:>mh «, a^© i f-55-©d2i 

m«;'3©faa© l/NtcS^^n?, (b = a/'N)„ 
[0 046] jiimS;b*si*^$n/cteii{f*©illft/^-^ y 
^i^jl^flSPl 1 1-r, Ty 7•3>^^'- biiS:.?:-©^ 

^©3ii{t^ii*^]Sft$nfcf^. ryy-ri i ^ii^hmSiM 

[0 04 7] ^©f*, Smti2 0 0t*, r>7":^2 0 1 

-c, iSff^i 0 0355 6fisa^tsnfcfi-^*sfi-r€,„ 

T>f-:^2 0 1 t^Sff 2^fc{t^», *EJ^S{tgP2 0 3 
r, ^i'-i; > 3 >ys- b <i:©Bff^©SftMiM5&^)irS $ n/c 

ft, ^i5fSP2 0 5 {ca^^n^o 

[0 04 8] mmmm 205 tb, Mssft gP2 0 3 

hKtSh fc^mm^^imm. U fcf*, H2U4?4r207CC 
[0049] 121x47^20 7-CB, a?i!£:t5[m©Sflft-^ 
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[0 0 5 0] 5f-#i*#gi52 1 1 r-t*, m^=^^mbfc 
[0 0 5 1] ^o*^mgP2 1 srtt. ^?-4<a-^f^©{t 

^iJiUt:, CRC (Cvclic Redundancy Chek) W-^^ffl 
t='Ttf*3n-5.„ ^O^m©tell«. NACKM-^^gP 20 

2 1 5tcm:^j5n?.„ 

[0 0 5 2] NACKit^*ijSg|22 1 5t:«, /ci^ 

«, ii-:j-mn'i&(Dm-^icmKi*-i$>-ofcm-^it. nac 

ACKff-^^rSjjS-r'So ^=C*S. ACK^t 
-^5*. #ffl©ACK«-^^fi)«g|3-C-:£)S-rSJ:^^C(^-C^> 

[0 0 5 3] *fi)c3nfcNACK{f-^S/c«ACK{t-^ 

«, teJSiMftgP 2 1 7 r\ r :7-r3 h i^c i"CDBffS 

©i*ftMil?i^j(fe 2 nfcfft. r > T-:^ 2 0 1 jS:. t^MmMm 30 

[0 0 5 4] miWM 1 0 0 tt, T'^r-i- 1 1 3 

•C\ Sff 5^ 2 0 0 j5:> 6«gjMff $ n/cN A C Kft-^S 
BACKft-^^SMTSo r>f-:^2 0 1 -CSff Sn/c 
NACKfl-^tfc»ACK«^tt. «ieSffig|31 15 

^«;sni 1 7icm*3ns„ 

[0 0 5 5] jMteiJgB 1 1 7 Ttt. teiflSftSB 1 1 5 
gPl 1 9Ccm:^Jt-?>„ 40 

[0 0 5 6] N AC KM-^^mgp 1 1 9rii. mi&m& 

(-3^0. NACKft-^jS^ACKft-^:*^) ^m^-<ir 
y h-i^m 1 2 1 iCliit)Sm>. 

[0 0 5 7 ] Mis-'^ir V hi^SB 1 2 1 T'B, N AC K 
CKfi-^^mBt». 1^— ©fffgt:'-:; h (S) ©/^•^-:' h 

*B^ra^T6L.Tffl»iii (Nui) m.m^'&^^<, mm 

If f h^SiRL-, Sfc. IHI— ©■|f#Rfcr-f b553N|iIj^S 50 
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tlfcmc NAC Kmnt^m^ ^ nfcB#5i, /a- V t- K- 

Fl (P 1 ) ©^^•^f f?r5llit$-tfa-<< . ^^•'Jf■-Yb• 
"vhl^iStRU. Sfc. IHI— ©t#$gb.> f:^)^N [5131ft 5 

^^^^^^^©f*^ I t y 7" b f h 1 iimm^infc^k 

tCNACKM-^*^^tH$tlfcB^». /<';T--f b--^ h2 

(P2) (D^^'tr y \-^m^^'^i>^< . ^^')7--f \fy V 

m'k^yV (S) xNla^/^•';7=-^ b'-;. h 1 (Pl)^ 
y f -f h 2 ( P 2 ) T-*So m.^'^'r V v$mM 

1 2 1 (D'^'^mX. ±ia© J; ^tC, ■feU'*':Jrl05*i 
j;C>Vsy-flJfflgpi 0 9Km:;'3$n.5<. 

[0 0 5 8] ^^l^f, ±iatt'f'P©Stt:Wc-3ti-r. IHI— 
©tf fgb' h ^ 2 lnia«T-SH 3 ©1?iJ?rffll^riili-r 
C©!^-^, 3*ff«l 0 OB, t7]d5iCtf#Eb > h 

(S) (DJ^JTy Y^W^<D\/1(Dm.^Wri (b = a/ 
2) -r'2lHlillM-r^„ ^LT, SM«2 0 0:^^6NAC 
KM-^*53R$tifc«-&B. V f- b- h 1 (P 1 ) © 

6tC:g«a2 0 0^^6NACKft#;*^iM$n/cl^-^B, 
'J T- -f f h 2 ( P 2 ) ©^-i^ H * 1 HillM-r-So 

c®J;^j^=c^ft^JlB*i-5c;i-c, fffRb ^y b©3tfttc 
ffiffl-r-5^:^3B:^f*i LTfie*©:/3StcJ;Sti^i|a]D 
-C4.i3, 1-50^^, ©fflRb'-:. h^2|ilj*ff-r^/i: 

J*. s{ffflij-c2|pi©sfim-^^^fis 

Se*©:;?5S:J;f)^>tf*gb -;; h©SNi:b^r&I-hb 

[0 0 5 9] C©J; 0 fC, :*^Jfe©?F$SI©f'-5?ilfB^ 

h^^tSdH (Ndl) i*ff -?-©|^, NlUd^if 

$n^lal-©fffgb:-f b(c*f-rSN[il:^©3lim:^©^ 
tt:«>i-^i/j:^J;^tc. fci^B. ^3^ftB#{c*sl,f 
#gb' -f h © 1 -J f ^J'®31ft«;'73!)^. il^s:© 1 ^^'T y 
h ^©iUff m;^l© 1 / N iC i^C S cfc ^1 , j||^t^^•'5- 'f h © 

5^m«;^*^^•^r .y h (©iBSd) c:i(c^MT€.fci6. tf 

$Bb' F ©iHfifcffiffl-r ^^:^BS^*©^5^(c J; ^IS^ 
i|lIDt:-^bO> O^^^j. NHjlft^^i/cW^gb h^S 

ftfflij t?^)S-r a c i (c J: !o , B^ra ^ > 
SCijSi-c^, J; -or. msm:*j©i»A*llIjeL'0-o. 

Wf g b- V y (D^aW^ fpj Jit- -S C i TtjS-t:- ^ 5 „ 

[0 0 6 0] ^'-^w©iittt^#j^u-c, dum 

«:;^©SB^©f±^iLr> tflgb'-:/ H©^>'^i^-;' h*sJ:CF 

^< y f - h ©^A*^ -f h (DmiEicmm-r^mMt)>k— 

^{CUi^ t^iji^, ^^Vr--{ify\- (D'^T y \ ii^ ^>■ff 

b y ^•©^^•^^.^ h{c^d-LTjlt{tm:ti^^<SH^5-GT, ± 
fB©jll{i^)ii^tf ^ J;0(c:ut:4)J;i^„ c©i»^. df- 

[0 0 6 1 ] (||Sfe©fl5«J2 ) H4 B, 7p:feB^©||Jfe© 
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*i) ©«)jg*m-r-/a -J !?mtiihi>, ccDiiftii 1 0 0 

a ^-^^mn^m^^^fc ^-{y'Zy^-{-f') V K A R Q 

n> H 1 tc7j^-r^sscD?f^*i 1 i>cMW'-ri>mm^ i o o i 
[0 0 6 2] -i^m^mmcDwrnm, i o o a <Dwms.. 

|gJ-©tffRt'-;; Y<DmWmL (N) ^ K-^-^-^J^ig^CC 
fEDT^M^-SCi^ *jj;t>\ |5)-JL-if©1gt;[ (M) 

[0 0 6 3] a-r. *^(DJ1$®-Cti. jlff^ 1 0 0 a 
B, K 1 2 3 ^Wr?.o F y'^M 

CCDi^^. iifi« 1 0 0 a imOX^mmz OOf}^ 

mSP 1 2 3(D*^mi^||». F^^aii 2 1 a 

[0 064] mim^-i^ V hi^gP 1 2 1 a-C«, F 7' 

"^mmmm^^ 1 2 3 ©i^Wi^* ( f ^-^jsist!?) tc 

|Hl-CDt#fgb'-^ h(D^fi[liS! (N) ^Wf3# 
*{*WiC», F>:7 7-^Jil}KS>?l^m^«^t*> iii^ 

^) o iUft miSt i^c<-r-S Cite J; 0, «#Et''^F^ 30 

„ C nCc J; D , iUff ^ 10 0a iSff ^ 2 0 0 Pfl© 

fl[iI^©i»^fC cfc €)e3^3lS©ffiT*«lM-r €. C i *3-c 
^-5o 40 

[0 0 6 5 ] ^fc. ^mMmrnxu. mmu i o o a 

m— :i— tf©a^ (CC-CB2-0) ©7=-3?^^M 
UrlSIBttci^ft-rSo CCDfcit). iHfttilOOatt. 2 
■^©^r-jp^f^lbgR 1 0 1 a, lOlbi, 2-:>©^s^- 
7Tl03a, lOSbi^^-r^So ^'-^^W-^itgPl 
Ola, 1 0 1 b». 5tfc{C. W-^^tmR= l/Z-C^ 
5o ^'"^J^W^fbgn 0 1 a^IJ^^m^^tiSi'-rHW-^ 
it1&(Dim^ (ft fRt F , 7^ -Y t' F K T- -f 
f F 2 ) tt, ^7 :7 T 1 0 3 a ilcSasn, 32 -yi^W 
mm 10 1b *^6m;^7S ^?-!f:W{fcf^©fl-^ 50 



^^2 0 0 3 - 1 8 1 3 1 
12 

(W^RK'-'F. ^-^'Vt--^ F 1 , K-:r F2) 

B. y-i-:;:7T 1 0 3 b{cS«$n-S)„ /■^■:;:7t I 0 3 a 
*iJ;C>vs;.:,:7T 1 o 3 hlcW9.$tifc\s\~:i'-*f(D2-o 
©■r"-^?©'fffgt'-;' F«. •febi'^? 1 0 5 a{cj;-rjrjl 

tf©aMTi. 2 o©7=^^-3j:;5S. 3?-;J^:f^-^{t 
gqi 0 1 atdi-yrmmtmi 0 1 bJc^n^*i5>ie3 

[0 0 6 6 ] HS^ffll^rilfl^l 0 0 a©tt 

f'pcDM#:^J;&|Ji0j3-r^„ CCt?«. IH-^i— tf©2'3© 
f'-3r©W#Efcf F*^SLrlaimc2|ll3l{t-r.SJl^ 

[0 0 6 7] C:©Ji^, [Hi— JL-HfCDf-*- 3? 1 %3*ff T 

-jL"1f©aj^-r^-7'-^f 1 if^-5f2i>?:#'*Lri§I 

mmi 0 1 siTu- Ti-mmt s n . 3? - w*© 
m^f^-y F (s ( 1 ) ) , /^•yT'-f F 1 (p 1 
( 1 ) ) > y f- -f t: F 2 ( p 2 ( 1 ) ) ^fts-r 

-S^-^y^^T 1 0 3 atcSa^n. Sfc. t-"- 5? 2 ti. 
-jJ^W^fbSPl 0 1 b-C3?-rPW^It§n. ^-d^W^ 
^tM©«*Rt':- F (S (2) ) . ^-Ct;^^ F 1 (P 
1 (2) ) , >'^•';7"-Y t'y F2 (P2 (2) ) >^fE 
f'S''-?-^ :? T 1 0 3 b CcS?t$nri^-5>4>©iT-So 
[0 0 6 8] j^lffti 1 0 0 a tt. tTJfefCim— :x--tf © 2 
o©f'-^f©t»$aK:-:; FS (1) is (2)*^*Lr 

:3,--tf©f'-3? 1 ©'lt$Bt' F S ( 1 ) © 1 

(Dmimmt)(Dmh i a^© i F^©3ii{tm;ti 

©ffla© l/2r^fe^^ (b 1 = a/Z ) , t/t^ 

tC, #j^ffB#JcfcltS|5]— :i-1f©r'-^? 2©ff#gt -:; 

F s ( 2 ) © 1 h^commntscomh 2 «, iim 

© 1 ^^*'^^ F:^'©!!!!! m:>f3©{ii a © 1 /2 ■e^>-S ( b 2 
= a/2) „ -r^c*:?^. |5l-©tffge-^ F©i^{cffiffl 

■r^mMtm^<D-j;^!>cj:.^mt>tmcr'$y^ (b i x 

S (b 1 + b2 = a) „ CtlKjrD. IHJ— :i--tf® 2 o 
&o-cfe, |a|— if©2'3©-r-3«©|t$gfc: y F©jll 

a-if®2-:3©f'-3?©tf$Re''y F© 

# ■Sfc*. Se*©:^^ J: «3 Mf IRt' F © S Nib^fnji 

[0 0 6 9] J^jrfc, 1^— ©ffffit:' F ^NlHlMm-rSti 
^tcfcl^r, ^M-rStffgf-:- F©|5l— :i"-tf©7'-^ 
^ (M) B. NlJiT-C*^ (M^N) CisO^iffS L-l^o 
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ttaCDl/Nfc-etl^nS^-r^.fcd?) (b = a/N) . 

-StC«. |5l— J.-Hf©7='-5fO^S'fbiSj€:NJWTiC-r-5 

[0 0 7 0] -eur^ SM^2 0 0>?»>P)NACKm-^J&S 

jMStifcJa-^ti. HI 5 tc^pf J; 0 tc, 10 

( 1 ) ©^-f y f- -f K' f ( P 1 ( 1 ) . P 2 ( 1 ) ) 

i, ^-{^ -^^ h#-^ ( 2 ) ©^s y 7^ ^ e h (PI 
(2) . P2 (2) ) t^imicmmr^o ctucj: 

0, #S$nTlslff$tC3*fi§n/c|B]— :x-tf02-oOf' 

[0 0 7 1 ] cocfc ^tc, *:^sg©ffjii©7"-^?aft^ 

[0 0 7 2] S fc, [5]-®tf #g t h (Dmmmm^ F 

mm2 0 ommmmfj:^mmmcmcxnmmicit-{ 

[0 0 7 3] tj:^. miamt)(om^(i:>i±y;^ lt, 
ftfcffiffl-r^ltm:;':*— ^tcii^j^c}^^^, y ^ b 30 

h©^^-^ yhJ^^O *)tf#Sb' h ©7^•^^ h icMVXmm 

*>J:i^ci«, ||Jfe©ff$*J 1 ©J©^i|il^i-cS)S„ 
[0 074] (HJ6©?F$«J3 ) El 6 tt, :$:f60^©jtlfe© 

ff$^3fc^?.7^--a?jlfi^S©a{tPJ (-5^0. j*ft 

©^iiS^^Kf ^-HTiiSo c©S{f-S 1 0 0 
btt> ^-^^m^^m^^-fc^^v^^^Av^'Jv FARQ 
( I R:tT^) (ca-^< T^-^raftv-y^T-AiCffll^?, 

la 1 ^^rmm.mm 1 tc^ftjce-r^jUfl^ 1 0 0 i 

|B|il©S*e^1fa*WLTt3 0. |B)— ©«jSS^iCB|ll 40 

[0 0 7 5] ^^mmm^mommm 1 0 0 b ©iRpMB. 

(M) cD::L'-^(D-f-^>^^mvxmmcmiw-r^ 

mmmm 2 'Vim-:i—^(Dm.m(Dr- ^ ^^mt s 

©fC*fL> :$:||)Sfe©?15STt*«»©:i— tfCT^-a?^^ 

B?j2imiK, 2'3©^?-4<^^-^{tgBl Ola, 10 
Ibi, 2o®ys^7:7T 1 0 3 a. 103bi^WrS 
353. 2'3©r5?-;f:W-^'ftg|51 Ola, 10 1 bJCB. S 50 
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[0 0 7 6 ] 07 ^ffll^riUfimi 0 0 b©lj) 

©2o©f'-^f©t»^b*-;; H%^SL'r|ai^(;c2lildil{t 

[0 0 7 7] C©11^. JL^-if A©7=-5?^i*fl-rSi 

^tcfl&©:x--tf B©7='-^i>p]B$tcj#ft-r4> -r^ct? 

J^— !f Ai J^-1fB©2o©7'-3f^^SUTimHf 

-^W^ftgpi 0 1 ar3?-^W-^ft$n. ^'-^i^w-^ 

^fcflC'If^Eb-i- h (S (a) ) , /SyT--^ b-:' F 1 (P 
1(a)). /^•yT'-f t^-^ F2 (P2 (a) ) tt, ^d^fB 
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